1. Introduction
===============

Endometriosis is defined by the presence of endometrial-like tissue located outside the normal uterine cavity, causing a chronic inflammatory condition; it is estimated to occur in 6% to 10% of women of reproductive age.^\[[@R1],[@R2]\]^ Currently, surgical approaches, such as laparoscopy followed by histological confirmation, remains the gold standard method to establish a definitive diagnosis, but this approach is invasive and causes long delays before reaching the diagnosis.^\[[@R3]\]^ While nonsurgical approaches such as trans-vaginal sonography and pelvic magnetic resonance imaging have several advantages, their diagnostic accuracy is affected by variation in clinical experience, and they cannot replace surgery as the gold standard.^\[[@R4],[@R5]\]^

To date, several serum biomarkers, such as CA125, CA199, and follistatin, have been used for the detection of endometriosis, but the diagnostic accuracy of these biomarkers is variable across many studies.^\[[@R6],[@R7]\]^ Thus, a reliable serum biomarker is still needed. Cell adhesion molecules are cell surface proteins that mediate adherence between cells and the extracellular matrix.^\[[@R8]\]^ Intercellular adhesion molecule-1 (ICAM-1) has been investigated in endometriosis. Previous studies showed that its level in serum or peritoneal fluid is increased in patients with endometriosis compared to healthy controls. Also, it has been suggested that it has a role in regulation of endometrial cell proliferation, activation, motility, chemotaxis, adhesion, morphogenesis, and implantation.^\[[@R9],[@R10]\]^

The diagnostic accuracy of serum ICAM-1 in endometriosis has been investigated in some studies, but the results of these analyses were variable.^\[[@R11]--[@R14]\]^ Possible reasons for such inconsistency in the results of these studies could be small sample size, differences in patient ethnicity, or different cut-off values used. Therefore, in this study, we conducted a meta-analysis of all eligible studies to clarify the diagnostic accuracy of serum ICAM-1 for endometriosis.

2. Methods
==========

2.1. Search strategy and study selection
----------------------------------------

This meta-analysis was conducted according to the guidelines proposed by the Human Genome Epidemiology Network for the systematic review of genetic-association studies and followed PRISMA guidelines.^\[[@R15]\]^ We systematically searched the Cochrane clinical trials database, Medline (PubMed), Embase, Web of Science, and Chinese National Knowledge Infrastructure (CNKI) database to identify relevant studies from inception to December 2017. References within the identified articles were also searched manually. Search terms included "endometriosis," "intercellular adhesion molecule 1," "ICAM-1," "sICAM-1," "diagnosis," and "serum." The search was limited to studies involving humans but not those limited by language.

2.2. Inclusion and exclusion criteria
-------------------------------------

Included studies had to include: the diagnosis of endometriosis based on histopathology obtained by surgery or laparoscopy; data on both the sensitivity and specificity of serum ICAM-1 for the diagnosis of endometriosis, or sufficient data reported to calculate the sensitivity and specificity. Studies were excluded if they were review articles or case reports. We also excluded studies that used peritoneal fluid to measure ICAM-1 levels.

2.3. Data extraction and quality assessment
-------------------------------------------

The extracted data of each study included: first author name, year of publication, country, design of study; type of sample; age of participants; number of patients with endometriosis and controls; stage of endometriosis; testing method for ICAM-1; cut-off level for ICAM-1; sensitivity and specificity data. The methodological quality of the studies was assessed using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) criteria. This tool is an evidence-based quality assessment tool developed for use in systematic reviews of studies of diagnostic accuracy,^\[[@R16]\]^ with a maximum score of 14. Two reviewers independently judged the eligibility of studies. Disagreements between reviewers were resolved by consensus.

2.4. Statistical analyses
-------------------------

The standard methods recommended for meta-analyses of diagnostic tests were conducted in this study.^\[[@R17]\]^ The following summary diagnostic measures, including sensitivity and specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) with the corresponding 95% confidence interval (CI) were calculated for each study. The Cochran *Q* and the inconsistency index (*I*^2^) were used to assess the threshold effect as an important component of the source of variation between studies. *I*^2^ values \<25% indicated mild heterogeneity, *I*^2^ values between 25% and 50% indicated moderate heterogeneity, and *I*^2^ values \>50% indicated significant heterogeneity. A fixed-effects model (Mantel--Haenszel method) was used to calculate parameters when there was less heterogeneity; otherwise, a random-effects model (DerSimonian and Laird) was used.

A summary receiver operating characteristic curve (SROC) was established and described as the area under the SROC curve (AUC) with its *Q*∗-point representing the maximal joint sensitivity and specificity.^\[[@R17],[@R18]\]^ If heterogeneity existed, sensitivity analysis was used to check the robustness of the results by omitting a study in turn. Subgroup analysis was carried out by dividing the studies according to different ethnicities and cut-off values. Publication bias was tested using Deek\'s funnel plot asymmetry test.^\[[@R19]\]^ All statistical analyses were performed using Stata 11.2 software (Stata Corp, College Station, TX). All statistical tests were 2-sided and a *P* value \<.05 was considered statistically significant.

3. Results
==========

3.1. Literature selection process
---------------------------------

The primary literature search using the search terms retrieved 22 articles. After reading the titles and abstracts, 8 studies were excluded because they were case reports or reviews. The remaining 14 studies were given detailed evaluation, and 4 studies were excluded for the following reasons: 2 studies without sufficient data even after contacting the authors, and 2 that used peritoneal fluid to test ICAM-1 levels. Consequently, 9 studies^\[[@R11]--[@R14],[@R20]--[@R25]\]^ with 878 participants were included the present meta-analysis. Figure [1](#F1){ref-type="fig"} shows the flow chart of the article selection process.
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3.2. Characteristics and quality of the studies
-----------------------------------------------

Table [1](#T1){ref-type="table"} reports the clinical characteristics of included studies and the QUADAS scores. Briefly, all the included studies used laparoscopy followed by histological examination as the gold standard to diagnose endometriosis. They all used the ELISA method to test the serum ICAM-1 levels. The stage of endometriosis ranged from I to IV. Patients from 5 studies were of Caucasian ethnicity, the other 5 studies included patients of Asian ethnicity. One study^\[[@R13]\]^ had 2 datasets, which we notated as Vodolazkaia A1 and Vodolazkaia A2 in the analysis. The QUADAS scores ranged from 8 to 12.

###### 

Characteristics of the included studies.
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3.3. Overall analysis and sensitivity analysis
----------------------------------------------

The overall analysis for the 14 studies showed that the summary sensitivity, specificity, PLR, NLR, and DOR of serum ICAM-1 levels in the diagnosis of endometriosis were 0.65 (0.52--0.75), 0.78 (0.62--0.89), 3.0 (1.7--5.2), 0.45 (0.34--0.60), and 7 (3--13), respectively. There was a significant heterogeneity in the summary sensitivity (*I*^2^ = 91.11%, *P \< *.01) and specificity (*I*^2^ = 88.78%, *P \< *.01) (Fig. [2](#F2){ref-type="fig"}). The AUC of SROC was 0.76 (0.72--0.80), suggesting moderate diagnostic accuracy (Fig. [3](#F3){ref-type="fig"}).
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Because there was a significant heterogeneity in the summary sensitivity and specificity, therefore we performed a sensitivity analysis by excluding studies in turn. The results showed that the heterogeneity of summary sensitivity and specificity was decreased, and the summary sensitivity and specificity did not change greatly compared with the overall results, suggesting robustness of the overall results.

3.4. Subgroup analysis
----------------------

To further explore the source of significant heterogeneity among the summary sensitivity and specificity, we performed a subgroup analysis by dividing the studies according to different ethnicities and ICAM-1 cut-off levels. We found that the summary sensitivity and specificity in patients of Asian ethnicity was increased compared with patients of Caucasian ethnicity. We then divided the studies into high (\>300) and low (=\<300) ICAM-1 cut-off levels, and the found that the summary specificity was enhanced in studies with high cut-off levels for ICAM-1 compared to those with low cut-off levels, but the summary sensitivity showed no obvious difference between studies using high and low cut-off levels for ICAM-1. This suggests that ethnicity was a factor affecting the diagnostic accuracy of ICAM-1 (Table [2](#T2){ref-type="table"}).

###### 

Subgroup analysis of the diagnostic accuracy of ICAM-1 in endometriosis.
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3.5. Publication bias
---------------------

Publication bias was assessed using Deek\'s test, which indicated that there was no significant publication bias across the included studies (*P = *.887) (Fig. [4](#F4){ref-type="fig"})
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4. Discussion
=============

The present study investigated the diagnostic accuracy of serum ICAM-1 for endometriosis using the meta-analysis method. We found that serum ICAM-1 has moderate diagnostic accuracy for endometriosis. Compared to previous individual studies, our meta-analysis combined the data of 9 studies with a larger sample size, thus providing greater power to provide reliable estimates. In addition, this study revealed the impact of ethnicity on the diagnostic accuracy of ICAM-1 for endometriosis, which has not been previously reported. Furthermore, the lack of significant publication bias suggests the robustness of our analysis. Concerning the rapid increase in studies on the diagnosis of endometriosis and the inconsistency of previous studies, our findings are particularly meaningful to clinicians.

To date, it is not possible to make a definitive diagnosis of endometriosis based on symptoms, clinical examination, sonography, imaging techniques, or blood tests. In addition, laparoscopic inspection with histological confirmation is an invasive approach that results in delayed diagnosis and increased risk of complications.^\[[@R3]\]^ Therefore, identification of a noninvasive, rapid approach for the diagnosis of endometriosis with high specificity and sensitivity is crucial to improve treatment of patients with endometriosis. Since ICAM-1 is increased in many diseases, including endometriosis,^\[[@R13]\]^ several studies have assessed the diagnostic accuracy of serum or peritoneal fluid ICAM-1 for the diagnosis of endometriosis. However, the diagnostic accuracy of serum ICAM-1 for endometriosis in these studies was markedly variable, with sensitivity ranging from 19% to 83% and specificity ranging from 30% to 97%.^\[[@R11],[@R13],[@R14],[@R21]\]^ These inconsistent results are unreliable and required further analysis.

In the present study, we combined the data of serum ICAM-1 levels from published articles, which included 547 patients with endometriosis and 331 controls, and found the ICAM-1 has moderate diagnostic accuracy for endometriosis. Because significant heterogeneity was identified among the summary sensitivity and specificity, we conducted sensitivity analysis and subgroup analysis to identify the source of heterogeneity. In the sensitivity analysis, after removing each study in turn, heterogeneity was reduced, but the summary sensitivity and specificity did not change significantly. Then, in the subgroup analysis, we found that the summary sensitivity and specificity in patients of Asian ethnicity was increased compared to patients of Caucasian ethnicity, indicating that differences in ethnicity may lead to differences in diagnostic accuracy. The subgroup analysis showed that a high cut-off value of ICAM-1 has high specificity, but the sensitivity was not significantly affected by cut-off value. Taken together, these results indicate that ICAM-1 has moderate diagnostic accuracy for endometriosis, but the diagnostic accuracy was much higher in patients of Asian ethnicity compared with those of Caucasian ethnicity, and the diagnostic specificity increased with an increased ICAM-1 cut-off value.

Although this study has several advantages compared with previous investigations, several limitations should be noted. First, the significant heterogeneity across studies might undermine the credibility of the results and conclusions, although we found that ethnicity was the source of heterogeneity. Second, some factors are considered to be associated with the pathogenesis of endometriosis, but due to limitations in the available data, we did not analyze some factors that might affect diagnostic accuracy of ICAM-1. Third, all the included studies were observational in design, and the possibility of selection bias should be acknowledged. Fourth, although we included a large number of patients compared with those in individual studies, the sample size remained relatively small. Therefore, our results should be interpreted and extrapolated with caution.

In conclusion, our meta-analysis demonstrates that serum ICAM-1 has moderate diagnostic accuracy for endometriosis, while the diagnostic sensitivity was much higher in patients of Asian ethnicity compared with those of Caucasian ethnicity, and the diagnostic specificity was increased with a higher ICAM-1 cut-off value. However, a large sample size study that evaluates for potential confounders is needed to further validate its diagnostic accuracy.
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